The temperature distribution of concrete filled steel tube reinforced concrete (CFSTRC) square short columns was analyzed. Test results of four CFSTRC square short columns were reported in this paper. The specimens exposed to the ISO-834 standard fire without initial loads. The fire test lasted 180 minutes. The influential factors included the side length of cross-section, slenderness ratio and steel tube area ratio. Finite element method (FEM) simulation was used to calculate temperature distribution of CFSTRC square short columns at elevated temperature. The test results show that the larger side length of cross-section, the lower temperature inside the specimens with the same fire exposure time and steel tube area ratio and height of specimens. Under the same fire exposure time and side length of crosssection and steel tube area ratio, the slenderness ratio was larger, and the temperature inside the specimens was lower. With the same fire exposure time and side length of cross-section and slenderness ratio, the steel tube area ratio had slight influence on temperature distribution inside the specimens. The FEM simulation results agreed well with the experimental results. The FEM simulation was capable of calculating temperature distribution of CFSTRC square short columns with an accuracy that was sufficient for design purposes. 
Introduction
Composite structural elements comprising steel tubes of di erent shapes filled with concrete were widely used in the construction because they combine the advantages of structural steel and concrete. Concrete filled steel tube reinforced concrete (CFSTRC) column was an innovative type of composite column. Inside the specimen was concrete filled steel tube column and outside the specimen was reinforced concrete column. The shapes of steel tube could be circle, square or rectangular. The shapes of cross-section of specimens could be circle, square or rectangular. A schematic view of typical cross-sections of CFSTRC column was shown in Fig. 1 .
Ding and Wang (2009) presented experimental, numerical and analytical results of temperatures in different components of unprotected joints between steel beams and concrete-filled tubular columns in fire, which forms part of a research project to investigate joint behavior under fire conditions and robustness of steel structures under accidental fire attack. Wang et al. (2009) reported experimental studies on four concrete-filled steel tubular columns to reinforced concrete beam frames under fire. The temperature distributions inside the structures were studied. Ghojel (2004) summarized an experimental and analytical investigation of the interfacial thermal contact conductance of an unloaded circular steel tube filled with nonreinforced normal concrete and exposed to high heat fluxes. Inverse heat conduction analysis and experimental measurements were used to estimate the thermal contact conductance as a function of steel temperature. Zhang et al. (2011) derived the mathematical expression of thermal contact resistance at the steel-concrete interface of circular concrete filled steel tube through solving heat conduction equations. Lü et al. (2011) improved the method that how to consider the thermal contact resistance and analyzed the influence of thermal contact resistance on the temperatures of composite cross-sections.
The purpose of this research work covers two problems for CFSTRC square short columns, namely the fire tests and finite element method (FEM) simulation of temperature distribution of CFSTRC square short columns under ISO-834 standard fire curve. To this end, fire tests of four CFSTRC square short columns were carried out. The FEM models were established to calculate temperature distribution of CFSTRC square short columns. The simulation results were compared with the test results.
Experimental investigation

Design of test specimens
Geometry and steel stub as well as the reinforcement of CFSTRC square short columns were given in Table 1 
Material properties
The CFSTRC square short columns were made from ordinary Portland cement with a 5-25 mm aggregate size and a target 28-day cube compressive strength of 30 MPa. Three cubes by 100 mm, six prisms by 100 × 100 × 300 mm were made from the same batch of concrete used to make the experimental CFSTRC square short columns. The cubes were tested on the same day as the experimental CFSTRC square short columns to provide values of the cube compressive strength. The cube compressive strength of concrete was 33.7 MPa. The axial compressive strength of concrete was 23.6 MPa. The modulus of elasticity of concrete was 30.6 GPa.
The mechanical properties of the steel reinforcing bars used in the CFSTRC square short columns were obtained by carrying out uniaxial tensile tests on four steel bar specimens, including two 8 mm diameter stirrups and two 14 mm diameter steel bars. The yield strength and ultimate strength of stirrups were 342.5 MPa and 462.5 MPa, respectively. The yield strength and ultimate strength of steel bars were 342.5 MPa and 535.0 MPa, respectively. The mechanical properties of the steel tube used in the CFSTRC square short columns were obtained by carrying out uniaxial tensile tests on four steel plate specimens, including two 4 mm thickness steel plates and two 6 mm thickness steel plates. The yield strength and ultimate strength of 4 mm thickness steel plates were 341.5 MPa and 438.0 MPa, respectively. The yield strength and ultimate strength of 6 mm thickness steel plates were 349.0 MPa and 453.0 MPa, respectively. The material of endplates was Q345 steel plates.
Thermalcouples
The location of thermocouples was shown in Fig. 2 . The temperatures of concrete were measured by thermocouples. The location "1" was position of concrete for center point of cross-section. The location "2" was position of concrete corresponding to middle steel tube. The location "3" was position of concrete corresponding to center point of longitudinal steel bar.
Fire exposure
Fire tests of four CFSTRC square short columns were carried out at the same time. All surfaces of specimens were totally in the furnace. The starting temperatures of the tests were about 29 °C. During the testing, the specimens were exposed to fire controlled in such a way that the average temperatures in the furnace followed as closely as possible to the ISO-834 standard curve. The fire exposure time was 180 minutes.
Experimental results
Furnace temperature
The temperature versus time curves of ISO-834 standard fire and furnace fire were shown in Fig. 3 . The furnace fire curve was in good agreement with ISO-834 standard fire curves. 
Temperature distribution of cross-section
Temperatures versus time curves of measuring points were shown in Fig. 4 . The location of points "1", "2", and "3" in Fig. 4 was consistent with the location of points "1", "2", and "3" in Fig. 2 . For locations close to the surface of specimens, the measured temperatures gradually rose with time increasing. For locations deeper in the concrete, there was initially a rapid rise in the measured temperatures, followed by a period of nearly constant temperatures at nearly 100 ºC. This temperature behavior might be the result of thermally induced evaporation and migration of moisture.
Temperatures of center points were compared in Fig. 5 . According to the comparison results, the following conclusions can be drawn:
The larger side length of cross-section, the lower temperature inside the specimens with the same fire exposure time and steel tube area ratio and height of specimens; The larger slenderness ratio, the lower temperature inside the specimens with the same fire exposure time and side length of cross-section and steel tube area ratio; Steel tube area ratio had slight influence on temperature distribution inside the specimens with the same fire exposure time and side length of cross-section and slenderness ratio. 
Numerical modeling
Fire tests on structures were expensive and time consuming. Because of this, the development of accurate predictive methods to simulate the behavior of structures in fire had long been regarded as desirable. FEM simulation was an efficient technique to calculate the temperature distribution of structures under fire exposure.
With the ABAQUS FEM software, the simulating models for temperature distribution of CFSTRC square short columns were presented. The simulation of concrete used solid element. The simulation of steel tube used shell element. The simulation of steel bars and stirrups used linear element. The parameters of thermal properties came from Lie (1994) . The compound heat transfer coefficient was applied to the fire exposure surfaces of CFSTRC square short columns under fire such as Duan (1985) . The value of moisture content of concrete was 5% under FEM simulation. Contact resistance was usually expressed in terms of a joint thermal conductance h j , which was associated with heat flux q and temperature drop across the interface ΔT. Joint thermal conductance of outside concrete to steel tube and steel tube to inside concrete came from Ghojel (2004) . The FEM procedure ignored the factors of concrete spalling. For FEM simulation, the geometry model of SSC3 was shown in Fig. 6 . The FEM simulation result of SSC3 was shown in Fig. 7 . The measured and FEM calculated temperatures versus time curves of center points were compared in Fig. 8 . The FEM simulation results agreed well with the experimental results. 
Conclusions
The temperature distribution of CFSTRC square short columns was analyzed by experimental research and numerical simulation. Fire tests of four CFSTRC square short columns were carried out. FEM procedure were established for CFSTRC square short columns at elevated temperature. Based on tests and simulation results, the following conclusion could be drawn.
Side length of cross-section had a great impact on temperature distribution of CFSTRC square columns. For specimens of all surfaces in the furnace, the slenderness ratio had some influence on temperature distribution of CFSTRC square columns. Steel tube area ratio had a slight influence on temperature distribution of CFSTRC square columns. The FEM procedure was capable of predicting temperature distribution of CFSTRC square columns with an accuracy that was sufficient for design purposes.
